Abstract: Trihexyl(tetradecyl)phoshonium decanoate was shown to be an effective promoter for the Henry nitroaldol reaction of nitromethane with aromatic aldehydes. A mechanism is proposed involving Lewis acid activation of the carbonyl group proceeding through a trigonal-bipyramidal intermediate. Evidence in accord with the postulated pathway as opposed to a base or phase transfer-mediated route involving proton transfer from the nitroalkane is presented.
The Henry [1] nitroaldol reaction is one of the reliable, classical aldol-type addition reactions involving the reaction of a carbonyl compound (1) with a nitroalkane (2) to give first a nitroaldol intermediate (3 ) often leading to a nitroolefin (4) upon dehydration. The extent of the reaction varies considerably with the nature of the catalyst chosen as well as with reactions conditions as described in several comprehensive reviews on the reaction [2, 3, 4] . In addition, the extent of reaction also depends upon the electronic nature of the carbonyl component involved [5] . A large variety of catalysts have been employed successfully in this reaction ranging from alkali metal bases, simple amines and ammonium salts to electrophilic activators such as alumina [6, 7] , silica [4, 8] and chiral Lanthanum-binapthol complexed Lewis acids, through which asymmetric nitroaldol additions have been effected [9] . Recent work in our laboratories has focused on applications of phosphonium salts [10] (room temperature ionic liquids) as solvents and promoters for various reactions. We were attracted to the possibility that commercially available phosphonium salts based on the trihexyl(tetradecyl)phosphonium ion (5) might function as a mild Lewis acid and thus promote classical carbonyl addition processes. In this Letter, we show that this is indeed the case and that these new "organic catalysts" promote the addition of both nitromethane and diethylzinc to aromatic aldehydes without elimination side products.
*Address correspondence to this author at the Department of Chemistry, McMaster University, 1280 Main Street West, Hamilton, Ontario, L8S 4M1 Canada; E-mail: jmcnult@mcmaster.ca.
As outlined in Scheme 2 , we envisioned that complexation of the carbonyl compound to the phosphonium salt might proceed via a phosphorane-type, trigonal-bipyramidal intermediate, possibly as a -complex, activating the carbonyl towards the addition process. In addition to their employment in Suzuki coupling reactions [10] , phosphonium salts have recently been used as solvents for hydroformylation [11] , transfer hydrogenation [12] and Diels-Alder reactions [13] . In addition, one recent report describes the use of a phosphonium salt as a solvent and promoter for the addition of trimethylsilyl cyanide to aldehydes [14] . It is likewise possible that the latter two reactions proceed through related phosphorane-type dienophile and carbonyl activation processes. Our initial experimentation consisted of screening a variety of trihexyl(tetradecyl) phosphonium salts containing a range of anionic partners through which we identified the decanoate salt as the most efficient promoter of the addition reaction. As an example, the reaction of 4-nitrobenzaldehyde (1a) in dry THF containing nitromethane ( Table 1 , entry a) and trihexyl(tetradecyl)phosphonium decanoate (2 mol%), proceeded to give the nitroaldol product (3a) in 100% yield [15] . The reaction was thus proven to be catalytic in respect to the phosphonium salt (50 turnovers) and no trace of the corresponding nitroolefin (4a) was detected in the reaction conducted under these conditions. The Henry reaction was found to proceed to a high degree of completion with electron deficient aldehydes (entries a and b) under these conditions [15] . Benzaldehyde itself and the simple 4-methyl derivative also reacted under our general conditions providing good isolated yields of nitroaldols. The reaction did not proceed when a free phenolic hydroxyl was present on the aromatic ring (entry e) however both 4-methoxybenzaldehyde and piperonal (entries f and g) reacted to provide good yields of the corresponding nitroaldols. Once again, no nitroolefins are produced in these latter two reactions. We investigated the reaction of 4-methoxybenzaldehyde (1.0 mmol) and nitromethane (10.0 mmol) in THF under various conditions. The isolated yield of nitroaldol (3f) ranged narrowly from 59-65% when the catalyst loading was varied incrementally from 2 to 50 mol%. Increasing the amount of nitromethane from 10 to 25 equivalents relative to the aldehyde increased the yield to 69%. These data appear to indicate that an equilibrium has been established and show that the phosphonium salt is functioning in true catalytic fashion having, in this case, about 60% of the nitroaldol (3f) at equilibrium under the standard conditions.
Further evidence in accord with the Lewis acid mediated carbonyl activation hypothesis was obtained from the following experiments. We felt it necessary to differentiate this outlined possibility from an obvious alternate pathway involving the reaction of the phosphonium decanoate as a simple base or even a phase transfer catalyst, although as far as we can tell, a single phase is involved in the reaction. The addition of diethylzinc to benzaldehyde proceeds very slowly in toluene at 0 °C; however, the addition of even a mild Lewis acid is enough to promote this addition [16] . In our hands, the reaction of benzaldehyde (0.25 mmol) with diethylzinc (0.50 mmol) in dry toluene (0.70 mL) at 0 °C in the presence of 10 mol% trihexyl(tetradecyl)phosphonium decanoate (0.025 mmol) proceeded overnight to give the addition product in 71% isolated yield. An identical control experiment was performed with the omission of the phosphonium salt that provided a mere 1.5% isolated yield of the addition product. In this case, base mediated nucleophilic activation is not possible and it clearly appears that the phosphonium ion is activating the carbonyl group in Lewis acid fashion.
Given the recent advances made in the field of metal-free organocatalytic reactions [17] , we feel that phosphonium salts, and in particular chiral phosphonium salts are likely to be of great interest as mild organocatalytic Lewis acids that might possibly mediate asymmetric carbonyl addition reactions. These leads are being actively pursued in our laboratories at the present time.
